arXiv: 1503.04118vl [cs.SY] 13 Mar 2015 


Event-Triggered Observers and Observer-Based Controllers 
for a Class of Nonlinear Systems 


L. Etienne, S. Di Gennaro, and J.-P. Barbot 


Abstract —In this paper, we investigate the stabilization of 
a nonlinear plant subject to network constraints, under the 
assumption of partial knowledge of the plant state. The event 
triggered paradigm is used for the observation and the control 
of the system. Necessary conditions, making use of the ISS 
property, are given to guarantee the existence of a triggering 
mechanism, leading to asymptotic convergence of the observer 
and system states. The proposed triggering mechanism is 
illustrated in the stabilization of a robot with a flexible link 
robot. 

I. Introduction 

The use of the digital technology is pervasive in modern 
control systems, where the control task consists of the 
sampling of the plant outputs, the computation, and the 
implementation of the actuator signals. The classic way is 
to sample in a periodic fashion, thus allowing the closed- 
loop system to be analysed on the basis of sampled-data 
systems, see [2]. Recent years have seen the development 
of a different paradigm where, instead of being sampled 
periodically (i.e. with a time-triggered policy), the system 
is triggered when the stability property is lost (i.e with an 
event-triggered policy). A good number of works deal with 
this subject, see [3], [12], [14], [9], [5], and [6] for an 
introduction to this topic. The problem is to design an event- 
triggered mechanism to ensure the closed-loop stability. This 
problem was solved, for both the linear and the nonlinear 
case, when the full state is available [12], [14]. When the 
state is not available, the problem was addressed in [8], [4] 
for linear systems. In [13] the results were extended to linear 
event-triggered network control systems. In the nonlinear 
setting, to the best of the authors’ knowledge, no result is still 
available when the whole state is not available for feedback. 

The main objective of this paper is to address the problem 
of the event-triggered output-based feedback for nonlin¬ 
ear systems, giving sufficient conditions for the dynamic 
feedback control of nonlinear plants subject to network 
constraints, using an event-triggered strategy. 

The paper is organized as follows. In Section II we recall 
the event-triggered control, and we introduce the class of 
systems considered. In Section III we give sufficient condi¬ 
tions on the observer and on the observation error in terms of 
input-to-state stability, along with relevant event-triggering 
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mechanisms, in order to ensure asymptotic convergence to 
the origin. In Section IV we consider some type of systems 
htting into the class of systems considered in Section III. In 
Section V an example is given. Finally, in Section VI we 
give some concluding remarks. 

Notation: In the following, | • | denotes the norm || • ||i, and 
n il is the euclidean norm. Moreover, | • |oo is the component 
with the biggest absolute value. Furthermore, «(•) G Aii if it 
a strictly increasing function from [0,a) -A [0, oo), while a 
is a class K-ao function if it strictly increasing function from 
[OjOo) —?> [0,oo) and lim^-^oo ^(t) = oo. Finally, j3(r,s) G 
ICC if /3(-, s) G K. for all s and lims_>.oo /3(r, s) = 0 for all r. 
When a function / is Lipschitz, we denote Lf its Lipschitz 
constant. 

II. Problem eormulation and deeinitions 
A. Problem Statement and Event Triggering Policies 

We will first recall some known facts and terminologies 
about event triggered systems. Consider the system 

x{t) = fs(x{t),u{t)) 
y{t) = h{x{t)) 

where a; G M" is the state, u G K™ is the control, y G W 
is the output. The time instant t is dropped if there are no 
ambiguities. The functions / and h are assumed sufficiently 
smooth. We also assume the existence of a continuous state 
based controller which renders the origin asymptotically 
stable. 

The control scheme is shown in Fig. [T] Due to the 
communication constraints, there is no continuous commu¬ 
nication either between sensors and observer, or between 
observer and actuators. The inputs and the outputs are par¬ 
titioned into actuator/sensor nodes u = (uf, • • • , y = 

(nT,--- ,yrV = (hlix),--- with m,--- ,Ug, 

2 / 1 , •• • ,2/r, not necessarily scalars. 

The value yi{tki) = hi{x{tki)), i = I,-- - ,r, is the 
last sampled value at the sensor node, available for the 
controller to implement the control, while the value 
i = 1, - ■ ■ ,q,is applied to the system at the actuator node, 
through a classic zero-order holder Hq. It is worth noting 
that this means that the different outputs { 2 /i}i=i,... ,r and the 
different inputs ... ,j are not sampled synchronously. 

For this reason, at time t the latest output available is 

y(.t) = (yiitkj,yl{tk^)--- 


while the control is 

u{t) = . 

Denoting by = u—u and Cy = y—y the difference vectors 
between the continuous and sampled values, one considers 
the vector E = (e^, of the error due to the sampling. 



Fig. 1. Control scheme with sampled output and zero order holder 


Let us consider first a simple case in which the state x 
is available for measurement, and let us assume that there 
exists a state-feedback 

u = -i{x) (2) 

rendering system ([T]) asymptotically stable at the origin. The 
partitioned input vector is 

When the controller is implemented making use of the 
sampled values, one considers the last communication time 
tj between controller and plant, and the control value 

u = 7(x) = . 

Using a classic periodic sampling, the next sampling time 
is ffc+i = tk + S, where (5 > 0, so that tk+i — tk = S > 0 
or, that is the same 

tk+i = mm{f \ t>tk + 6}. 

The event triggered paradigm replaces this condition with a 
condition on the state values x{t),x{tk). A simple condition 
of this kind is, for instance, the epsilon crossing policy, which 
is of the form 

ffc+i = mm{f > tk I \x{t) - x{tk)\ > s} 

viz. x{t) is sampled when |a;(f) — x{tk)\ is greater than 
a certain threshold value e € K. When this condition is 
verified, an event is triggered, which determines the sampling 
time tk+i- The difference Sk = tk+i — tk is usually called the 
inter-event time. To avoid Zeno behaviors [7], it is important 
that the chosen sampling policy ensures that <5^ > 0 for all 
fc G N, possibly under additional conditions. 

Further strategies can also be used to determine the next 
sampling time. For instance, the state dependent triggering 
condition 

4+1 = mm{f > tk I \x{t) - x(tk)\ > cr|a;| + e} 


with e, tj G IR+, or a mixed triggering policy 

4+1 = min{f > 4 + ^min, I \x{t) - x{tk)\ > e} 

with e,(5min G Furthermore, a can be stabilized 

asymptotically with the state triggering condition 

4+1 = mm{f > 4,1 \x{t) - x{tk)\ > cr|a;(f)|} 

under the sole assumption that the closed loop nonlinear 
system is input-to-state stable with respect to the quantity 

\x(t) - xitk)\ [12]. 

When the state x of a is not measurable, these triggering 
policies cannot be implemented. In the following, we will 
introduce the triggering policy that will be used in this case, 
taking into account the constraints on the communication of 
output and input. An obvious assumption is that it is possible 
to design an observer that converges asymptotically to x, of 
the form 

X = foix,y,u). 

where 4 : K” x x K"* —)• K" is not smooth, in general. In 
view of an implementation via a triggering policy, and since 
the observer has not y{t) available, one can use the vector 
y, so considering the observer 

x = foix,u,y). (3) 

A feedback controller based on x given by 0 will be 
used in the following to stabilize the system ([T]) in the origin. 
The input applied to the system, due to the communication 
channel, is u = ^{x), so obtaining the controlled dynamics 

X = fs{x,jix)). 

Eventually, one gets the following closed-loop system 

X = fsix,jix)) 

X = foix,j{x),y). 

The observation error is z = x — x. We assume that the 
observation error dynamics can be written is the form 

^ = fs{x,^{x)) - fo{x,j{x),y) = g{z,ei{eu), 02 {ey),x) 

where 9i, 02 give the dependence on the input and the output 
errors e„. By, due to the sampling. 

B. Definitions 

Definition 1 (Input-to-state stability-ISS): System Q is 
said to be locally ISS if there exist a ICC function /?, a /C 
function a, and some constants ki,k2 > 0 such that 

|a;(i)| </3(ko|4) + adul), Vf>0 

for all xq G D, u G Du satisfying |a:o| < ki, |it| < /c 2 - 
System Q is said (globally) input-to-state stable if D = M", 
Du = K"*, and the above inequalities are satisfied for any 
initial state and any bounded input. o 


Definition 2 (ISS Lyapunov function): 

A continuous function V : D B is an ISS Lyapunov 














































function on D for system Q if there exist class JC functions 
ai,a 2 ,Qf 3,/3 such that the following two conditions are 
satisfied 

ai(| 2 ;|) < V{x{t)) < a 2 {\x\) Va; S D,t > 0 
f{x,u) < -asd^l) + /3{\u\) y X G D,u G Du- 

Moreover, V is an global ISS Lyapunov function if D = 

= i?™, and Q!i,a2,Q;3,/3, G ^oo- o 


Lemma 1: Under the Assumptions (Ai), (A 2 ), (A 3 ), (A 4 ), 
the extended system X = admits an ISS 

Lyapunov function V{X) such that VXIR^",Vi? G 
Vf > 0 

ai(|X|)<U(X)<a 2 (|X|) 
^}^GiX,E)<-a 3 {\X\) + b{\E\) 
with oi, 02 , 03 , b G JC, b, o^^, G Lipschitz. 


III. Main result 

A. Hypothesis on the Dynamics of the State Observer and 
of the Observation Error 


Proof: Let us consider the candidate ISS Lyapunov 
function 

V{X) = AeUe(x) + Voiz). 


Since the observer state is available, in the following we 
consider the observer dynamics, so allowing imposing on 
X a triggering condition, along with the observation error 
dynamics 

x = fo{x,f{x),h{x + z)) (4a) 

Z = g{z,9i{eu),02{ey),x) (4b) 

where y = h{x + z) and y = h{x + z), or equivalently 

i: = G{X, E) (5) 

where X = {x'^,z^Y' ™ extended state vector, and 

G = In the following we consider the following 

assumptions. 


From (Ai), (A 2 ), 

< AcQ!c,i(|x|) + ao,id^l) 

a 2 dX|) = max Kac, 2 {\x\) + ao, 2 {\z\) 
|(i^,z^)| = |X| 

> AcCtc, 2 ( 1 x 1 ) + ao, 2 {\z\) 

with oi, 02 G 1C. Furthermore, 


ai(l-^l) = „ min,^Acac,i(|x|) +ao,i(|z|) 

\{x,z)\ = \X\ 


dV{X) 

dX 


G{X,E) = 


fdV{X) dV{X)\ ff 


V dx 


dz ) 


< Ae( - ac,3{\x\) + Pc{\iz'^,E'^V\) 


(Ai) There exists an ISS Lyapunov function for ( |4al i such 
that yx,zG G K'"+P, Vf > 0 

ctc.idxl) < Vcix{t)) < ac. 2 (|x|) 
dVc{x) 


-aoM) + Poi\E^\) 


dx 


< -(^Acac,3(|x|) + ao,3i\z\) - XcLfjfzlj 
+ XcLjsjEl + /3o{\E\) 
foifx, f{x), h{x + z)) < — ac, 3 (|x|) + Pciliz, ^i)Inhere we have used the fact that 


with (Tc,!,etc, 2 ,etc, 3 ,/3c C JC, and PcCtd Lipschitz; 
(A 2 ) There is an ISS Lyapunov function for ( |4bl l such that 
Vz G R^,E G Vf > 0 

cto.id^l) < Vo{z{t)) < ao, 2 {\z\) 
dV izi 

-^9{z. 01 (e.), 02 (e,), x) < -ao.3(k|) + /3o(|i3|) 

with Qfo,i, ^ 0 , 2 , ao, 3 ,/3o G 1C, and j 3 o, 0 if^ Lipschitz; 
(A 3 ) fo, and 7 are Lipschitz; 

(A 4 ) g is Lipschitz with respect to ( 2 :, 0i(eu), 6 * 2 ( 6 ^)), uni¬ 
formly in X, and 9i, 6*2 are Lipschitz. 

Remarl: 1: (Ai) ensures the asymptotic convergence to 
the origin of the observer, in absence of sampling errors 
and observation error, and an ISS property with respect to 
z, Cu, Cy. (A 2 ) ensures the asymptotic convergence to zero of 
the observation error in absence of sampling errors, and an 
ISS property with respect to eu,ey. Those two assumption 
suppose a separation principle between state estimation and 
control. o 

Since we are interested in the stabilisation of the observer 
state X and of the observation error state z, in the following 
we will assume that A/( 0 ) f 0 . 


dMz\E^ y I) < L^fiz^E^ y I < LpfE\ + L 0 jz\. 


It is always possible to choose Ac sufficiently small such that 
C‘o, 3 {\z\) — XcLpfz] is a class 1C function with z as variable. 
Since we are considering 1-norm 

osdXl) = min|Acac,3(|-’^|),ao,3(Ar) - AcL/gjATlj. 

X 1 . ) 


To show that Og ^ is Lipschitz, note first that since 3 is 
Lipschitz 


-1 


ao.3(k|) > 


1 


-1 


Moreover, one can compute an upper bound on the derivative 
of (do, 3(1 • I) - AcL/ 3 j • |)“\ since 




d\i 


,(ac,3(|z|)-AcL;5j^|)-'< 


Lf- 


Hence it is always possible to choose Ac sufficiently small 
such that (do, 3(1 • I) — AcL/ 3 ^ | • |)“^ is a class 1 C function with 
Lipschitz constant 


L-i = max • 


Ac 


L„-i 


3^ac,3 1 AcL^-lL/; 













Furthermore, 


hm)=LpAE\+ME\) 

which is Lipschitz with constant Lf, = Finally, 

thanks to (A 3 ), (A 4 ), G{X,E) is Lipschitz. ■ 

In the following section we are interested in providing suf¬ 
ficient conditions on the stabilisation of a nonlinear system 
using the event trigger paradigm. The key concept will be 
the ISS of both the closed-loop system and of the observer 
dynamics. For, we introduce the following lemmas. 

Lemma 2: If the observer and the error dynamics verify 
(Ai), (A 2 ), (A 3 ), (A 4 ), then there exist a tr > 0 such that any 
sampling policy ensuring \E\ < a\X\, leads to asymptotic 
convergence of the overall system to the origin. 

Proof: From Lemma the existence of an ISS Lya¬ 
punov function V is ensured. Since and b are Lipschitz, 


«3(|^|) > 


L^-1 


|X| and 


-a3(|X|) + 6(a|X|)<- 


Therefore for all cr S 0, 


L„-iLb 


-Lta] |X|. 


the system Q converge 


asymptotically to the origin. 


Remark 2: Under the hypothesis that 02 , 0 )" are Lips¬ 
chitz, one can prove exponential convergence of Q. In fact, 
since 


1 


L„- 


■|X| <ai(|X|)<U(|X|) 


one has that 


Therefore 


Vi\X\)<-l—-Lba\ |X|. 


1 


U(|X|) < - - Lbaj L,-iU(|X|). 


Proof: In the following we assume X f 0. The 
argument follows the proof of Theorem 1 in [12]. Denoting 
eui = - 7 i(i(tfe)), one works out 


d \\eui\ 
dt IIXII 


< 


T • 

|eu.||||X|| 

I ^Ui II II ^Ui 


X^X\\e,\\ 

II^P 

, mm 

IIXIP 


l|e„J|||X|| 

Since ||e„J| < L^^\\x\\ < L^^\\X\\, 

±\\e^ , M 

dt 11X11 - ||X|| 'v ^ ||X| 
Moreover, G is Lipschitz, so that 

d||e„,|| , LG(||X|| + |iL;||) 


< 


dt ||X„ 

Since ||i?|| < (t'||X||, 
d lie. 


IXII 


T 


X 


dt IIXII 


< Lq{ 1 + a') L^. + 


X 


At each reset time one has = 0. Using the comparison 
lemma with the differential equation 


y = Lg{ 1 +cr'){L^i+y), y(0) = 0 


one has 


|e„,(f)|| 




\\xm 

Therefore the inequality 

\h^{x{t)) - 7i(^(4))ll > k»II-Y|| 

can not be true before time 

Analogously, for 

\\hj{xit) + z{t)) - hj{x{tk) + z{tk)\\ > Kj\\X\\ 
gives for the sensors 


Remark 3: The choice cr S 0, 


L^-iLh 


represents a 


trade-off between the sampling rate and the convergence 
rate. o 

Since |£^| < cr|X|, using the norm equivalence there exists 
a cr' > 0 such that IjL'II < (t'||X| 1 implies |ii'| < a\X\. 

Lemma 3: For every > 0 there is a minimal time 
Anin > 0 such that if lE'l < cr\X\, then Wtk, ^t S 
[tk,tk + Anin) the following inequalities are verihed 

Il7*(^(i)) - li{x{tk))\\ < «:i|l^ll 
\\hj{x(t) -f z{t)) - hj{x(tk) + z{tk)\\ < Kj\\X\\. 


Let us define the triggering function at each node 

4+1 = ^ + T-inin, I lh*(f) - Uz(4)ll > K*ll^ll} 


4+1 = I 11% (4 - %(4)ll > '«j ll^ll}- 


(6) 

}• 

(7) 


Remark 4: From Lemma ^ ^k+i — — 4 +'^min> I 

\ui{t) - Wi(4)|| > Ki||7t:fr} = 4+1 = mint{f > 4,] 
jwi(4-u44)|| > Ki||x|i}. o 


Lemma 4: If ,r-}u{i. -- . 9 } 

ensure ||i?|| < (t||X||. 


< a' then and 0 

























Proof: from and 0 

\\E\\< <a||X||. 

{l, - ,r-}u{l, ' , 9 } 

■ 

The proposed triggering conditions allow asymptotic con¬ 
vergence with a nonzero minimum inter-event time. Un¬ 
fortunately, they are not implementable on a network for 
two reasons. The first is that X is not available, since the 
observation error is not known. The second is that sensors do 
not communicate among them nor receive information from 
the observer-based controller. Nevertheless, considering the 
following modified triggering conditions 

ffe+i = niin{f > | \\u,{t)-u,{tl)\\ > -^H{x)\\} 

(8) 

fi+i = mm{f > ti + | \\yj{t) - yj{tl)\\ > 

(9) 

this approach can be used on a network, allowing asymptotic 
convergence and a nonzero minimal inter-event time, using 
only information available at each node, as stated by the 
main contribution of this work. 

Theorem 1: If (Ai), {A 2 ), (^ 3 ), (^ 4 ) are verified, and the 
sampling instants are defined by (|^, (|^, then the origin of 
the closed-loop system Q is asymptotically stable and there 
exists a nonzero minimum inter-event time for each node. 

□ 

Proof: Under the hypotheses of the theorem. Lemma [T] 
applies. Since < ||X|j and < ||X|| and Vi S 

{1, • • • , r} from Lemmaj^one can state that between and 
\\ui{t)-Ui{ti)\\ > K,||X||, while Vj S {I,-- - ,g} 
between 4 , and 4 ^. -f one has \\yj{t) - > 

Kf\X\\. 

Therefore, ||£'|| < cr'||X||. Using Lemma there is 
asymptotic convergence of Q to the origin. ■ 

IV. Examples of Systems Fitting into the 
Proposed Framework 

A. Linear Systems 

Let us consider a detectable and stabilizable linear system 
X = Ax + Bu 

(10) 

y = x 

with 

X = Ax + Bu + LC{x — x) (11) 

a Luenberger observer. With control Kx, one gets 

X = {A + BK)x + BK{x — x) -f LCz — LC{x — x) 
z = {A — LC)z + LC{x — x). 

Since A -f BK and A — LC are Hurwitz, it is possible to 
find an ISS Lyapunov function for the extended system. 


B. Nonlinear Lipschitz Systems 

Let us consider a nonlinear Lipschitz system 

X = Ax + Bu -f (bix, u) 

^ ( 12 ) 
y = Cx. 

Several results are available for the observer synthesis of 
nonlinear Lipschitz systems when the control and the output 
are implemented in a continuous fashion. We consider an 
observer of the form 

X = Ax + BKx(j){x^Kx). (13) 

Hence, the extended closed-loop system is 

X = A + X + BKx + (j){x, Kx) + LCz (14a) 

z = (A — LC)z + (j){x, Kx) — (j){x, Kx). (14b) 

To implement an event-triggered control strategy, we need 
to consider the following structural properties. 

{Hi) \\(j){xi,u) - 0 (x 2 ,m)|| < p\\xi - T2II , Vm e RP, 
ixi,x2) e 

{H2) \\(j){x,u)\\ < p||a;||,Vu S RP; 

{H^) There exist a gain K such that u = Kx for the system 
and there exist a quadratic Lyapunov function 

Vc{x) = x'^PcX, Vc{x) < -Pcx'^x (15) 

with Pc = Pc > 0 , Pc > 0 ; 

{Hf) There exist gain L such that for ( |14b| ) and there exist 
quadratic Lyapunov function for the z dynamic 

Vo{z) = z'^PoZ, Voiz) < -poZ^Z (16) 

with Pc = Pj > 0 , po > 0 - 

In {H 2 ), for p = 0 we have a linear system, and the 
existence of Vc,Vo derive from the stabilizability and the 
detectability. Moreover, there always exists a Pmax > 0 
small enough such that the proposed Lyapunov function exist 
forall p G [OjPniax]- For other (more complex) conditions of 
existence of 14,14 verifying ([T^, see for instance [ 10 ]. 

Lemma 5 : If (Hi), {H2), {H3), {H4) are verified, then 
the proposed observer and the observation error verify 
(^i)i (4I2), (^3), (^4) ■ 

Proof: When subject to the trigger conditions, the 
observer has the following dynamics 

X = {A + BK)x + BK{x — t) -I- LCz + LC{z — z). 

Let us consider the candidate ISS Lyapunov function 

2s/>^min{Pc)\\x\\ < < 2^Xc^,^{Pc)\\x\\ 

having derivative 

^2 a/ x'^PcX = f — x^Qx -\- 2x^P(j){x, u)') 

dt ^x'^PcX ^ 

-I— -i= 2 =={ 2 x^ p(^BK{x — x) + LCz — LC{z — z)^ 

a / X -Z (yX 












where Q = —{A + BK)^P + P(A + BK). In virtue of 
{Hi), one can write 


\J x'^PcX 


1 


\/ x'^Pc 


\p\\\\x\\{\\BK\\\\{x - m 

+ ||LC||||z|| + ||LC||||(z-z) 


< 


-lie 


\A 


+ 


(Pc) 

{\\BK\\\\{x-x) 


|LC||||z|| + ||LC||||(z-z) 


\A min (Pc) 


which verifies assumption (Ai). Analogously, using the 
candidate ISS Lyapunov function 2^/Vo, one can prove that 
{A 2 ) holds. Furthermore, it is trivial to show that {Hi), {H 2 ) 
imply (A 3 ), (A 4 ). ■ 


Therefore, applying Lemma to the system ( [T2| , and 
using Theorem to the event-triggered observer-based 
controller ensures asymptotic convergence to the origin. 


Corollary 1: If {Hi),{H 2 ),{H'i),{H/i) are verified, the 
event-triggered control policy ([^, (|^ and the control u = 
Kx ensure the asymptotic stability of the closed-loop system 




Proof: Lemma 1^ ensures that (Ai), (A 2 ), (A 3 ), (A 4 ) 
are verified. Then one applies Theorem[2to the system ( pAl l. 


V. Simulations 

The proposed methodology will be applied to a robot with 
a flexible link, used as a benchmark example in several 
papers dealing with Lipschitz observers (see for instance 
[11], [1], [10]). The dynamics are in the form ([T^, with 


C = 


X = Ax + (j){x, u) + BKx 
X = Ax + (j){x, u) + BKx + LCz 
y = Cx 


where 


A = 


0 1 0 0 \ 

-48.6 -1.25 48.6 0 

0 0 0 1 

V 19.5 0 -19.5 0 / 

10 0 0 


B = 


(0 21.6 0 oy 


/I 0 0 0\ / \T 

(oiooj- ■#■=(» on 3,3™*,). 


One considers the control u = Kx, with 

K= (^7.8428 1.1212 -4.3666 1.1243) 

and the observer ( [T3] l, with 

/ 9.3334 1.0001 \ 

_ I -48.7804 22.3665 | 

^ “ -0.0524 3.3194 ' 

V 19.4066 -0.3167/ 


The closed-loop equations are in the form ([T^. The simu¬ 
lations have been performed considering the initial states 

a;( 0 ) = (111 1 )^, i( 0 ) = (000 0 )^. 

The theoretical values obtained on the triggering policy can 
be used but are too restrictive, due to the over-approximation 
on the convergence rate of the nonlinear observer and on 
the triggering parameter estimations. Via simulations it is 
possible to better tune the triggering parameters. It is worth 
noting that there is an order of magnitude of 100 between 
the theoretical value and the practical ones. We compared 
the result of a system controlled using triggering policy 

4,+i = mm{f > tk, + 0 . 01 , 1 \ui{t) - Ui{tki)\ > 0 . 2 |Mi(f)|} 

= mm{t > tkj + 0.01, 1 \yj{t) - j/j(4j| > 0.2\yj{t)\} 

with the case in which tk,+i = tk, + 0.05. The simulations 
show that for t G [ 0 , 2 ] s the system and observer are closed 
to the equilibrium, while at f = 2 s an impulse drives the 
system away from equilibrium. Then, for t G [2,15] s, the 
system is stabilized at the origin by the proposed observer- 
based controller. 

Figs. ms show the convergence of the observer and the 
stabilization at the origin of the overall system. We can note 
that the event triggering is relatively slower with respect to 
the periodic sampling, but introduces a lower peaking. When 
confronting the number of triggers in Fig.s l^a, l^b, it is 
clear that the number of communications is greater when 
considering the periodic sampling, so justifying the interest 
of the proposed event-triggering scheme. It is worth noting 
that the advantage of the method appears more clearly for 
output communications. As already noted, this is due to the 
fact that the observation and the control communications are 
done only when necessary. The comparison of Figs. |^a, |^b 
illustrates a trade-off between “intelligence” in the sensor 
and actuator, and the communication burden. 

VI. Conclusion 

In this paper we have presented an event-triggered 
observer-based controller for a class of nonlinear systems. 
Sufficient conditions in term of ISS stability for the observer 
and the observation error dynamics are given for design¬ 
ing an event-triggering mechanism ensuring the asymptotic 
convergence to the origin of the closed-loop system state. A 
particular subclass is that of systems with Lipschitz nonlin¬ 
earities. The relevance of the approach has been highlighted 
by simulations of a robot with a flexible link, where the 
triggering parameters have been appropriately tuned. 

Further work will include a practical way of determining 
theoretically a good choice of triggering parameters. Further¬ 
more, even thought the hypotheses on the state and on the 
observer imply a separation principle (convergence of the 
observer without assumption on the trajectory of the state) 
when considering a continuous feedback, this property is 
lost when introducing the triggering policy. Since this is not 
the case when considering periodic sampling, an interesting 
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Fig. 2. System and observer state with the event-triggering: a) xi, xi ; 
b) X 2 , X 2 ', c) X 3 , xs; d) X 4 , X 4 ,\ e) ||a;||; f) u. 
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Fig. 3. System and observer state with periodic sampling: a) xi, xi ; b) 
X 2 , X 2 \ c) 0 : 3 , ^ 3 ; d) X 4 , :r 4 ; e) ||x||; f) u. 
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Fig. 4. Number of triggers with the a) Proposed event triggered policy; 
b) Periodic sampling. ui (solid), yi (dashed), y 2 (dotted). 


question to address is: Can we ensure a separation principle 
when using event-triggered control policies? 
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